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INTRODUCTION
Snow and ice surfaces, and the air layer
immediately above them, display properties which might
best be measured from some remote location, particularly
in view of the difficulty at times of directly sampling
such surfaces and air layers. Of particular interest
might be remote sensing techniques. Most such sensing
techniques depend upon a sensor having an aperture of
finite, though small, solid angle. Since such sensors
are likely to be thousands of meters (in an airplane)
or hundreds of kilometers (in a satellite) above the
surface being measured, any discrete datum is actually
an integrated average over possibly a quite appreciable
area. The basic assumption made in evaluating such data
is that the variations over the area of the parameter
being measured are negligible. Such an assumption of
acourse requires verification. In particular, we are
concerned with the spacial and temporal variations of
air temperature which may occur at or within a few meters
of the surface of a uniform, fairly flat snow surface
several kilometers across. This paper presents the re-
sults of a series of temperature measurements made at
two locations on the Juneau Icefield of sout;,eastern
Alaska.
LOCATION OF THE INVESTIGATION
At the present time, there is great interest
in applying remote sensing techniques to the regions of
North America lying p olew and of the Arctic Circle. How-
ever, the remoteness of this location makes it rather
difficult to obtain good scientific measurements as
"ground truth" partly because of the great difficulty
in logistics. By contrast, however, direct access to
the rather hostile environment of the Juneau Icefield
is comparatively easy. The principle reason for this
is the activity during the past two decades of large
numbers of glaciologists and other scientists, partic-
ularly those under the direction of, or cooperating
a:
3with Dr. Maynard M. Miller of the Glaciological and
Arctic Sciences Institute. This group and related
groups have established and are maintaining over 20
research stations on or very close to the glaciers of
the Pacific Coast Range to the north of Juneau, Alaska.
Their interest in cooperative research is great and the
presence of their stations and communications procedures
greatly reduces the logistics problems. An invitation
from Dr. Miller allowed the construction of a simple
network of stations designed to obtain some preliminary
data for examining the spacial and temporal variations
in air temperature on and immediately above a glacial
surface. Fig. 1 is a map which shows the location of
the Juneau Icefield. The measurements discussed here
were made at two different locations. The first loca-
tion was on the Taku Glacier at a point some 28 kilo-
meters above its snout, at an elevation of about 1060
meters, thus near the permanent snow line. This is
about 42 kilometers north-northeast of Juneau. The Taku
Glacier is about 5 kilometers wide at the point where
observations were made. The second location was on the
north edge of the Vaughan Lewis Icefall, at an elevation
t^.
4of about 1700 meters. This point is about 72 kilo-
meters directly north of Juneau. Both locations are
indicated in Fig. 1.
THE OBSERVING SITES AND THE INSTRUMENTATION
A few comments concerning details of the sur-
s
	 face in the near vicinity of the observation sites should
be presented at this point. Many of these features are
illustrated in the several figures which show the actual
instrumentation or th:. cloud observations.
On the Taku Glacier, observations were made
at several points along a line beginning at a rock nunatak
on the east side of the glacier (the nunatak on which Camp
10 of the Juneau Icefield Research Project is located) and
Z
	 extending about 1500 meters to the west-southwest, thus
t
	 approximately normal to the long axis of the glacier. One
measuring point was on the nunatak just barely above the
sno, line and three more were on the glacier surface, all
at approximately the same elevation. The spacing between
stations was close to 500 meters. During some series of
observations a fifth measuring point was located on the
46'.
SA
t
nunatak about 120 meters above the line of observation
points on the glacier.	 A view made from this latter mea-
suring point and looking to the southwest, thus along the
line of the other measuring points, is shown in Fig. 	 2.
The lines on the right side are tracks made on the glacier
surface by oversnow vehicles.	 'he line of masts was along
the right one of the nearly straight trails.	 The near-
est and middle masts on the ic- would be visible if they
were larger, while the farthest mast is barely out of the
field of view on the right. 	 The mast high on the nunatak
was close to the anemometer mast at the left.
In making the actual meteorological observations,
b` reliance was placed upon direct indicating instruments
b
read and recorded by an observer at each instrument site.
5.
Although this procedure prevented the direct recording of
data and the obtaining of any continuous records, it did
allow gathering a set of data quite satisfactory for the
preliminary investigation undertaken. 	 A mast at each ob-
serving site had shielded thermometers located at the sur-
face, one meter, two meters, and in most cases at four
meters.	 Psychrometric data were taken at approximately
the two meter elevation at each site.	 Wind observations
at four meters above tke snow surface were made at the
ry
6points 500 meters and 1500 meters to the west-southwest
of the base of the nunatak. Upward-facing and downward-
facing radiation temperatures were also measured at the
latter point. The Soumi "poor man" radiometers were
used (Tanner, et al., 1960). Finally, the general
weather and cloud conditions were observed visually and
recorded photographically.
As indicated above, the lack of recording equip-
ment prevented making really continuous observations.
Instead, short series of observations, synchronized at
each observation point, were made for periods lasting
from one hour to as much as 3 or 4 hours. The interval
between individual observations was either five or ten
minutes. The attempt was made to have these observation
periods represent different times of the day and different
weather conditions.
At the Vaughan Lewis Icefall, no attempt was
made to make observations directly on the ice surface be-
cause of the extreme roughness and the hazard to observers.
Rather, two observation points were located along the north
edge of the Icefall area. The first observation site was
on a nearly flat rocky outcrop and about 120 meters north
of the north edge of the glacier. The other observation
site was about 80 meters to the east and located near the
7center of a large snowpatch extending northward from
the main glacier surface. This provided two similarly
located observation sites but with very different under-
lying surfaces. Both observation sites had masts with
thermometers at 1, 2, and 4 meters, an anemometer at 4
meters, psychrometric measurements at 2 meters, and
radiation measurements at about 1 meters. The same
general type of observations was taken here as the
Taku site.
An overview of the two observation sites
from a viewpoint about 500 meters east is shown in
Fig. 3. The snow site is near the left edge of the
picture just above the near bare rocks. Most of this
snow site is hidden behind these nearby bare rocks of
the foreground. The rock site is just behind the alu-
minum building. The Vaughn Lewis Icefall is to the left
out of the field of view, :while the Gilkey Glacier, into
which the Vaughn Lewis flows, is directly west beyond
and to the right of the buildings.
THE OBSERVATIONS
The observations made are represented in this
paper by diagrams containing a series of profiles of the
value of each parameter as a function of time. In each
diagram, the abscissa represents time while the ordinate
contains several scales depending on the particular param-
eters measured. Usually, a figure contains data made at
only one measuring position.
A. The Taku Glacier
1. A clear, "hot" day
August 4, 1969, was probably the finest day
during the three weeks of observations on the Juneau
Icefield. The morning hours were clear, while a layer
of cirrus and cirrostratus invaded the area from the
north during the early afternoon and persisted through
the night hours. A few altocumulus began to form in
late afternoon. A series of observations was begun
shortly before loc sl noon. (Note that the time scale
is in Pacific Daylight Savings Time (P DST) while the
location of the Taku Glacier is about 134W, so that
local suntime is roughly 2 hours behind the clock time
used.) The observations are presented in Figs. 4 through 7.
8
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Mast 1 is located at the west-southwest end of the
line of observation points, thus about 1500 meters
from the base of the nunatak. Mast 2 is about 500
meters and Mast 3 is about 1000 m,.:ers to the east-
northeast of Mast 1. Mast 4 is located at the base
of the nunatak some 120 meters above the glacier sur-
face. We turn now to a direct discussion of the ob-
servations.
Wind direction was from west to north at
speeds from calm to about 3 meters per second. (Wind
speeds are plotted in the figures in miles per hour
because the anemometers were calibrated in those units;
conversion to metric units has not been done because
it tends to lead to a false sense of accuracy at these
low speeds.) This low wind speed should not lead to
appreciable mechanical turbulence, and the only obstacles
within several hundred meters are the characteristic sun
cups 10 to 25 centimeters deep, formed in the snow sur-
face. The nearest appreciable obstruction is the nunatak
itself, about 500 meters east of Mast 3. To the north,
the nearest break in the snow-ice surface is a rock out-
crop some 1,700 meters away, as shown in the lower center
and right of Fig. 8. The peak beyond the mast is about
9
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5 kilometers distant. Note also the characteristic sun
caps of the glacier surface and the cirrus shield ap-
proaching from the north.
The data at the three masts on the glacier
surface show distinct inversion conditions. The snow
surface itself was at a temperature very slightly above
0°C, while the temperature at 4 meters approximates 10°C.
The inversion effect must be concentrated in the lowest
few centimeters or even perhaps millimeters, since even
the surface: temperature (actually measured about 5 centi-
meters above the snow surface) is as warm as 6°C to 8°C.
(These surface temperatures are somewhat suspect, since
the instrument screen was located almost within the in-
dividual sun cups and hence was sheltered from almost
all air movement.) The temperature of the snow itself
should be exactly 0°C because of the presence of ice and
percolating melt water in combination. The thermometers
actually measured a temperature as much as +1°C, probably
because of the absorption by the thermometer of the solar
i-idiation actually penetrating a short distance into the
snow surface. The basis for this opinion is that on days
and at times when little or no direct sun reached the
snow surface the snow temperature measurements +4:;re ex-
actly 0°C. Detailed examination of the temperature
variations at the three masts on the ice surface shows
that, while temperature fluctuations occur at the same
time at all levels at any given mast, there seems to
be little or no relation between the temperature fluc-
tuations as they are observed at the different masts.
The dew points taken at about 2 meters above
the ground using a psychrometer, also show appreciable
variations over short intervals of time and space. Of
particular interest .s the fact that the values of dew
point center around +3°C, thus higher than the equilib-
rium value of the air in immediate contact with the
glacier surface. Such gradients imply fluxes of both
heat and moisture downward to the glacier surface. But
this results in moisture flux, as well as heat flux,
toward the only immediate source of moisture, rather
that, away from the ice, and hence in condensation on
the glacier surface. This result is in agreement with
the measurements of Wendler and Streten (1970) made on
the Lemon Glacier, some 35 km to the south, in 1968.
Tile source of this moisture is not obvious, particularly
in view of the apparently dry air, with only high clouds
11
present.
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The upward-facing radiometer temperature,
representing essentially the temperature of an upward-
facing black plate absorbing and radiating in both the
long and short-wave spectra but shielded from the ef-
fects of air motion, showed a remarkable high reading of
just below 80°C for the time of highest sun. As the
cirrus cloud layer moved in, th-; radiometer temperature
dropped about 20°C (Fig. 4). The downward-facing plate
also had an extremely high temperature, indicating the
high per cent of solar radiation which is reflected by
the snow surface. Of particular interest is the fact
that there was comparatively little drop in the reflected
radiation corresponding to the drop in direct radiation
as the cirrus cloud layer crossed the sky. (The amount
of reflected and direct radiation was also clearly evi-
dent in terms of the sunburned noses and lips of the
several observers.)
The data taken at the mast located at the foot
of the nunatak just above the edge of the snow surface
showed the highest temperatures and the greatest varia-
tions (Fig. 7) . The thermometer resting directly on the
rock surface showed temperatures ranging between 23°C
and about 28°C, high but much less than those measured
L13
by the radiometer over the snow surface. This probably
is related both to the light color of the rock as com-
pared with the radiometer and the fact that the ther-
mometer on the rock was not shielded from the effects
of moving air. Dew points in the air immedi -ely above
the rock were somewhat higher than above the snow surface,
perhaps because they represented the vapor pressures of
water evaporated from the much warmer rock surfaces in
the near vicinity. This latter statement is an intuitive
presumption which should be carefully checked at some
time in the future.
While the variations at several levels on one
mast seem to be closely correlated, the temperature vari-
ations from one mast to another seem to be almost entirely
unrelated. More specific study of the spacial and tem-
poral variations can be left to the reader.
2. ; partly cloudy day
Two series of observations, about 90 minutes
each, were taken on August 9, 1969. The first series was
taken just before noon local sun time and the second about
mid-afternoon local sun time. This day was characterized
by a great deal of variation in the specific details of
cloud structure but little general change during the day.
14
The sky was mostly cloudy to completely overcast the
entire day.	 The best conditions were characterized by
cumulus and stratus in several layers covering as little
as 5/8 of the sky.	 The overcast prevailed most of the
morning, as shown by Fig. 9, a view northward from the
base of Mast 1.	 The cloud base was about 200 to 300
meters above the observation site, but thin spots were
t
frequently evident and occasionally the sun was dimly
visible.	 Conditions improved gradually during the after-
noon, and when the second set of observations was taken
quite a bit of blue sky was occasionally visible, as
f
shown in Fig.	 10.	 This view is from almost the same
place and in almost the same direction as Fig. 9; 	 the
total range of variations is thus quite evident from
comparing these two figures.	 Occasional very light rain
showers,	 lasting only two or three minutes, occurred
throughout the entire day.
The temperature, wind and radiation measure-
ments for the various masts are displayed in Figs. 	 11
through 15.	 The two series of observations are displayed
in the same set of figures.
	
The most prominent feature
in the morning set of observations is the gradual rise
in temperature.	 On the cloudy day there is less inversion
15
effect than on the 4th. The observations at Mast 1
and Mast 2 were quite similar. A short period of slight
cooling about 1300 PDST was evident at both observation
points. The radiation temperatures (Figs. 11 and 15)
show clearly that quite a bit of solar energy was getting
through the variable cloud cover. Note particularly the
variations in the downward directed radiation. The dif-
ference in upward directed radiation, or primarily in
this case reflected radiation between the snow surface
represented at Mast 1 and the rock surface represented
at Mast 5 is quite evident. Even though the rocks are
quite light in color and quite a number of degrees warmer
than the snow surface, the upward-directed flux of radi-
ation gives a much lower temperature at Mast 5 than at
Mast 1. Later in the afternoon, as more solar energy
becomes available and as energy continues to accumulate
at the rock surface, the difference is somewhat less.
The variations of temperature and dew point
at Mast 3 are much greater than those at the other ob-
servation points. The dew point shows the same variations
as those in temperature at Mast 3 but at the other loca-
tions shows mostly a gradual rise during the morning.
There is no ready explanation available for the difference
16
in the character of the observations at Mast 3 as con-
trasted with the other points.
The mid-afternoon series of observations is
shown in the right side of each of Figs. 11 through 15.
Again, the movement of air is very slight, with calm or
near calms most of the time. The fluctuations at various
levels at one mast seem to be in phase, but those at the
various masts are out of phase. The temperatures again
are several Celsius degrees above the temperature of
the snow surface so that inversion conditions are pre-
sent, with downward fluxes of both sensible heat and
latent heat.
3. Late evening observation
One prime problem with manual observations
was the difficulty of making observations in twilight
or dark conditions. Also, wandering on the glacier sur-
face after dark is not a safe thing to do. Nonetheless,
the series of observations was made under twilight to
dark conditions the evening of August 11, 1969. The
morning was characterized by wet snow without wind.
The clouds lifted and showed some breaks during the
afternoon, but began lowering again in the early evening.
A rather uniform stratus layer was present about 800
17
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meters above the glacier near sunset, when the obser-
vations were started (about 2120 PDST).
This set of observations was characterized
by uniform conditions, both spacially and temporally,
so only data from Masts 1 and 5 are shown here (Figs. 16
and 17). The air motion was slight, but with some in-
dication of a shift from upglacier to downglacier during
the period of observations. Net radiation exchanges
were near zero, though evidence of slight solar effect
or warm clouds was evident at the beginning of the ob-
servations, when the up-facing radiometer indicated a
slightly higher temperature than the down-facing one.
The latter was in equilibrium with the melting snow sur-
face over the glacier for much of the time. The rock
surface at Mast 5 was damp most, if not all, the time
but did not freeze, suggesting that the rock surface
remained above 0°C, in agreement with the radiometer
indications. The actual air temperatures were close to
1°C at all levels and locations, with almost no fluctu-
ation. The data at all masts show the coldest temper-
ature between one and two meters much of the time,
though the variation through the air layer, and even
onto the nunatak, was usually less than 1°C and never
more than 2°C.
., 	 l4.
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B. Vaughan Lewis Icefall
Observations at this site were taken on two
successive days having quite different wind and weather
conditions, with strong winds and snow in the first case
and weak winds and partly cloudy skies in the second.
1. Strong winds and snow
Strong east winds, accompanied by dense, low
clouds and snow, were present all day on August 17, 1969.
Observations were made from the masts for about 75 minutes
in the afternoon. The temperatures were remarkably con-
stant at nearly 0°C at all levels above the rock surface,
and just over 0°C at all levels above the snow surface
(except the snow surface temperature was just below 0°C) .
These data are displayed in Fig. 18.
The radiometer readings clearly demonstrate
the large amount of energy, mostly short wave, coming
from the sky despite the clouds. The upward-facing ra-
diometers indicate temperatures 2S°C above the air tem-
peratures at the beginning of the observation period.
The drop during the observation period, as the	 a!so
drops in the sky, is well indicated. The large portion
of the incoming energy scattered and reflected back by
the snow surface as compared to the rock surface is also
19
well indicated by the data of Fig. 18. Note the low
temperature of the downward-facing radiometer over the
rock as contrasted to that over the snow surface. (These
data provide a good explanation of why the skier must
protect against sunburn, even on a cloudy day.)
The observant reader has probably already
noted that the temperatures above the snow surface were
consistently a half to three quarters of a degree warmer
than those over the rock. Calibration before and after
does not show appreciable difference in the thermometers.
One guess is that the difference arises from the dif-
ference in upward-directed radiation over the two sur-
faces combined with the design of the thermometer shields.
The edges of the upper plate of the shields were turned
down at a 45° angle to help eliminate any effect of solar
radiation entering during times of low sun angle. But
this angle may also be almost ideal to divert some of
the upward-directed scattered radiation into the sup-
posedly shielded space containing the temperature-sensing
elements. The effect was not present for the surface
measurement because the shield was directly on the snow
surface and effectively shaded the snow surface from
incoming radiation, and hence reduced the scattered and
reflected radiation.
20
2. Partly cloudy with weak wind
The next afternoon (August 18) the skies
partially cleared, allowing the taking of measurements
under conditions similar to those seen earlier on the
Taku Glacier. Three sets of data were gathered, one
set for solar noon, one for mid-afternoon and the last
for sunset. The good conditions prevailing during much
of the afternoon are evident in Fig. 19, a view to the
north from the snow station. The instrument installation
is also well shown in the picture. As the afternoon wore
on, the clouds gradually increased but remained relatively
high, as illustrated in Fig. 20, looking southwest from
the rock station. The two pictures, together with Fig. 3,
also present well the nature of the terrain at the Vaughan
Lewis Icefall as compared to the Taku site.
Temperature variations here (illustrated in
Figs. 21 and 22), are similar to those observed on the Taku.
Appreciable temperature variations were present at midday
and during the afternoon while there was an appreciable
surplus of incoming energy, as indicated by the elevation
of temperature of the upward-facing radiometer over that
of the downward-facing one. The fluctuations were similar
in magnitude to those occurring on the Taku. There was a
21
bit more correlation between the variations at the two
masts than at adjacent masts on the Taku, primarily as
the masts were so much nearer each other on the Vaughan
Lewis cleaver. Some tendency for slight inversion con-
ditions to prevail below the 1-meter level was evidentt
both over the rock surface and the snow surface.
As sunset approached and the incoming radiation
flux dropped to match the outgoing flux (also dropping,
but less rapidly), the temperature variations smoothed
out, as shown on the right side of Figs. 21 and 22.
Over the rock surface, the air was isothermal at this
time, except for a slightly warmer rock surface during
the first 20 minutes or so. Over the snow surface the
same inversion condition below 1 meter and effectively
isoth:;;mal condition above prevailed for the ;your of ob-
servations.
C. Observations from satellites
A principle objective of the investigation
described here is to obtain experience for designing an
experiment using remote sensing techniques for measuring
meteorological parameters in surface layers of cold re-
gions, particularly snow-covered surfaces. In this par-
ticular situation, no remote measurements were made except
22
the satellite measurements, now routine, made from
the meteorological satellites, as ESSA 9 and Nimbus 3.
On the television pictures from these satellites the ice
field could be located because of its particular shape,
even in some cases of appreciable cloudiness, though the
approximate 100-kilometer extent of the ice field still
yielded only a quite small white blob in the picture.
The high resolution infrared readings (HRIR) gave a sim-
ilar indication. Little more would be expected in view
of the resolution of both systems, several kilometers
even when the scanning sensor is directed vertically
downward. An example is presented in Fig. 23. The
Juneau Icefield is the irregular white area near 58N
134W, thus along the border between Canada and the
Alaska Panhandle.
DISCUSSION
The existence of appreciable variations in
meteorological parameters in the surface layer over a
uniform snow area is quite evident in the data discussed
in earlier sections. The variations can be quite small,
but can amc::nt to 3°C or so in the time span of 10 min-
utes and the space of a few hundred meters or less. The
23
fluctuations seem greatest on clear and partly cloudy
days with weak winds and least at night and/or during
periods of heavy clouds or strong winds.	 These are
similar to the variations occurring over snow-free,
fairly level ground.	 An important difference to note,
however, is the fact that the large fluctuations in day-
time over the snow-free ground are accompanied usually
by quite unstable lapse rates in the lowest few meters,
rwhereas on the glaciers, and particularly on the Taku,
strong surface inversions accompanied the rapid fluctua-
tions.	 Perhaps this is related to the heating by solar
energy of the lowest layer of air, even though much of
the incoming energy goes to changing the state of the
snow.
Where do we go from this point?	 The observa-
tions described were not made in the systematic fashion
that would be desirable because of the need to depend on
a number of differently experienced observers. 	 The first
task would be to make an automatic network so data may
be obtained throughout the day and night without depending
on using the free time of others as such time is available.
This need not be a system employing continuous recording
for each sampling point, but should incorporate a central
I	 i
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recording system and sequentially read data for each
sampling point. It would be valuable to measure not
only temperature, but also wind and moisture at several
levels so energy and moisture fluxes and balances can
be estimated. Not only should these data be obtained
for a network similar to that described in this paper,
but also simultaneous series should be obtained at
widely separated points on the glacier (the region
studied in 1969), near the head of the glacier (perhaps
on the Continental Divide), and across the Continental
Divide on the Llewellyn Glacier in Canada, at the same
elevation as the middle station on the Taku Glacier. By
no means least of the efforts should be the measuring of
parameters simultaneously from an aircraft by remote
sensing techniques and as "ground truth."
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1. Map of Juneau Icefield, Alaska.	 Observation sites
on the Taku and the Vaughan Lewis glaciers are
indicated by the "T" and "V", respectively.
2. View SW across Taku Glacier from nunatak. Line of
masts at right side.
3. View west across the Vaughan Lewis observation site
and down the Gilkey Trench.
4. Observations at Mast 1, Taku Glacier, on 4 Aug 1969.
5. Observations at Mast 2, Taku Glacier, on 4 Aug 1969.
6. Observations at Mast 3, Taku Glacier, on 4 Aug 1969.
7. Observations at Mast 4, Taku Glacier, on 4 Aug 1969.
8. View north from Mast 1, Taku Glacier, 1340 PDST
on 4 Aug 1969.
9. View NNW up Taku Glacier from Mast 1, 1205 PDST
on 9 Aug 1969.
10. View north from Mast 1, Taku Glacier, 1745 PDST
on 9 Aug 1969.
11. Observations at Mast 1, Taku Glacier, on 9 Aug 1969.
12. Observations at Mast 2, Taku Glacier, on 9 Aug 1969.
13. Observations at Mast 3, Taku Glacier, on 9 Aug 1969.
14. Observations at Mast 4, Taku Glacier, on 9 Aug 1969.
15. Observations at Mast 5, Taku Glacier, on 9 Aug 1969.
16. Observations at Mast I t Taku Glacier, on 11 Aug 1969.
17. Observations at Mast 5, Taku Glacier, on 11 Aug 1969.
^i
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18. Observations at Vaughan Lewis Icefall on 17 Aug 1969.
19. View north across snow station, Vaughan Lewis Icefall,
at 1430 PDST on 18 Aug 1969.
20. View SW across rock station, Vaughan Lewis Icefall,
at 1830 PDST on 18 Aug 1969.
21. Observations at snow station, Vaughan Lewis Icefall,
on 18 Aug 1969.
22. Observations at rock station, Vaughan Lewis Icefall,
on 18 Aug 1969.
ii
23. Nimbus 3 picture of west coast of Canada, southeastern
Alaska and adjacent ocean, 1150 PDST, 4 Aug 1969.
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Fig. 1	 Map of Juneau Icefield, Alaska. Observation
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Fig. 2 - View SW across Taku Glacier from
nunatak. Line of masts at right
side.
Fig. 3 - View west across the Vaughan Lewis
observation site and down the Gilkey
Trench.
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FIG. 4 TAKU GLACIER MAST NOA 4 AUGUST 1969
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Fig. 8 - View north from Mast 1, Taku Glacier,
1340 PDST on 4 Aug 1969.
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Fig. 9 - View N? TW up Taku Glacier from Mast 1,
1205 PDST on 9 Aug 1969.
Fig. 10 - View north from Mast 1, Taku Glacier,
1745 PDST on 9 Aug 1969.
S F C +5°c
+3°C
SNOW
TEMP
TIME
	 1700 20 40 1800 20 40
(PDST)
L Ltiti ^ y X11
04 05 02 03 02 C C 02 C
WIND
DIR
SPEEDVA" C C C C C C C C C C
	
RADIO-
*"400C 	 SKY (DOWNWARD) RADIATIONMETER
TEMPER-
ATURE 3o°c
+20°C
	
+200c
r	 CGROUND ( UPWARD) RADIATION
	 GROUND ( UPWARD) RADIATION
+ I°C	 POINT
DEW
  
+I°C
	
I
+ 5°C	 +7°c
+ 30c	 4 METER +50c
+4°C
+ 5°C	 +6°C
+ 30c 	 i	 2 METER +40c
+ 6 0C	 +7°C
+ 40c	 I METER +5°C
+ 2°C r	 +3°C
	
+7°C	 p
+ 4°c
0°C	 E—rte
40 1200 20 40 1300 20
+ 40°C
SKY (DOWNWARD) RADIATION
+ 300C
FIG.II TAKU GLACIER MAST NO.1 9 AUGUST 1969Itt
	
METEOROLOGICAL DATA
Y
+s•c
+ 4•C
+ 2•C
+ 4•C
+2•c
+ 4•c
+ 2•c
+ 4•C
+ Irc
+ I•c
40 12)00 t0 40 13100 20
+ 2°0
DEW	 o•cPOINT
-2•c
+ 7•c
4 METER + sc
+ J•C
+ 7ft
2 METER + vc
+ 10•c
+a•c
I METER + s•c
+ 4°C
+ s•c
S F C + 4•C
+ 2•c
+ 1•C
TEI P o•c
TIME	 1	 I	 1	 1(PMT)	 1700 20 40 000 20 40
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FIG. 13 TAKU GLACIER MAST NO. 3 9 AUGUST 1969
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FIG. 14 TAKU GLACIER MAST NO.4 9 AUGUST 1969
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FIG. 15 TAKU GLACIER MAST NO.5 9 AUGUST 1969
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FIG. 18 VAL0M LEWIS ICEFALL 17 AUGUST 1969
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F16.21 VAUGHAN LEWIS ICEFALL 18 AUGUST 1969
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FIG. 22 VAUGHAN LEWIS ICEFALL 18 AUGUST 1969
METEOROLOGICAL DATA ROCK STATION
Fig. 23 - Nimbus 3 picture of west coast of Canada,
southoasterr. Alaska and adjacent ocean,
1150 'DST on 4 Aug 1969. 
